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S
ince last reviewed, 1 several epidemiological studies have reported the substantial role of suboptimal nutrition in the risk and burden of stroke and illustrated the potential for dietary modification to reduce the global burden of stroke.
Search Strategy
I searched the Cochrane Library, PubMed, and MEDLINE using the search term stroke in combinations with the terms nutrition, diet, nutrients, foods, dietary patterns, risk, burden, epidemiology, randomised trial, systematic review, and metaanalysis for articles published between January 1, 2012, and June 1, 2017. I also searched the reference lists of articles identified by the search. I selected mainly articles published in the past 5 years but included older key publications.
The Role of Nutrition in the Risk of Stroke Case-Control Studies
Diet quality was 1 of 10 potentially modifiable risk factors for stroke in the prospective INTERSTROKE study of 13 447 cases of acute first stroke and 13 472 age-and sex-matched controls with no history of stroke in 32 countries. 2 Diet quality was derived from the modified Alternative Healthy Eating Index, which was based on daily servings of fruits, vegetables, nuts and soy protein, fish, meat, eggs, whole grain, and fried foods. Higher modified Alternative Healthy Eating Index scores have been associated with lower risk of cardiovascular disease in previous studies. 3 In INTERSTROKE, individuals in the highest tertile for the modified Alternative Healthy Eating Index had a 40% lower odds of stroke (odds ratio, 0.60; 99% confidence interval [CI] , 0.53-0.67), and individuals in the second tertile had a 23% lower odds of stroke (odds ratio, 0.77; 99% CI, 0.69-0.86), compared with those in the lowest tertile.
2 Individuals in the lowest 2 tertiles contributed substantially to the population attributable risk of stroke (population attributable risk, 23.2%; CI, 18.2-28.9) compared with the highest tertile of modified Alternative Healthy Eating Index. 2 Diet had a stronger association with stroke in individuals older than 55 years than younger.
2 There was also a qualitative difference in the direction of association between diet score and risk of stroke in south Asia compared with other regions. The lack of a reduction in risk of stroke associated with daily fruit and vegetable intake in south Asia might relate to qualitative differences in the type of fruit and vegetables consumed and methods of their preparation and quantitative differences in the volume (lower) intake of combined fruit and vegetables in south Asia compared with other regions. 
Cohort Studies
Meta-analyses of prospective cohort studies suggest that 3 nutrients (dietary potassium, long-chain omega-3 polyunsaturated fatty acids, and dietary fiber), several foods (chocolate, fruits, vegetables, fish, milk, eggs, tea, coffee, and nuts), and 3 dietary patterns (the Mediterranean, Dietary Approaches to Stop Hypertension, and Nordic diets) protect against stroke whereas 2 nutrients (high glycemic load and dietary sodium), and 1 food (red meats) increase the risk of stroke (Tables 1  through 3 ).
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Limitation of Epidemiological Studies
Epidemiological studies are, however, inherently prone to systematic errors associated with measuring diet from memory and by food frequency questionnaire, changing dietary patterns over time, incomplete ascertainment and variable diagnostic criteria of stroke outcome events, variable reference groups, multiple effects and interactions of nutritional components and food items, multiple testing, residual confounding from other correlated dietary patterns, and bias from reverse causation.
Causal Inference of Epidemiological Studies
Application of the Bradford Hill criteria to the epidemiological studies to assess causality (strength, consistency, temporality, coherence, specificity, analogy, plausibility, biological gradient, and supportive experimental data) suggests probable or convincing evidence of an etiologic relationship between 3 nutrients (low dietary potassium, low dietary fiber, and high glycemic load) and 2 foods (low fruits and low vegetables) with an increased risk of stroke. 30 Dietary sodium increased blood pressure (BP)
The largest RCT, contributing 80% of the randomized evidence, was the PREDIMED study (Prevención con Dieta Mediterránea) which compared 2 Mediterranean diets (one supplemented with extravirgin olive oil and another with nuts) with a control diet (advice to reduce dietary fat), in 7447 participants at high cardiovascular risk. 40 After a median follow-up of 4.8 years, allocation to an energy-unrestricted Mediterranean diet supplemented with extravirgin olive oil (n=2543) was associated with lower risk of stroke than the control diet (4.1 versus 5.9 per 1000 person-years; hazard ratio, 0.67; 95% CI, 0.46-0.98), and allocation to an energyunrestricted Mediterranean diet supplemented with mixed nuts (n=2454) also had a lower risk of stroke than a control diet (3.1 versus 5.9 per 1000 person-years; hazard ratio, 0.54; 95% CI, 0.35-0.84). The 2 Mediterranean diet groups had good adherence to the intervention, according to self-reported intake and biomarker analyses.
40
Folic Acid Supplementation
A meta-analysis of 22 RCTs in a total of 82 723 individuals has reported that folic acid supplementation significantly reduced the stroke risk overall by 11% (RR, 0.89; 95% CI, 0.84-0.96). 32 The effect was greater in low folate regions (2 trials, n=24 020; RR, 0.78; CI, 0.67-0.90) compared with high folate regions (7 trials, n=14 655; RR, 1.05; CI, 0.90-1.23) and in regions without folic acid fortification (11 trials, n=49 957; RR, 0.85; CI, 0.77-0.94) compared with folic acid fortification (7 trials, n=14 655; RR, 1.05; CI, 0.90-1.23). 32 Patient subgroups who may benefit from folic acid supplementation are those with hypertension, normal renal function, low baseline vitamin B12 levels (<384 pg/mL: RR, 0.78; CI, 0.68-0.89), and unable to take statins and antiplatelet drugs. 32, 41 Among 4643 high vascular risk subjects not taking antiplatelets who were enrolled in 3 RCTs of homocysteine lowering with folic acid and other B vitamins, those taking B vitamin supplementation had a 29% lower risk of recurrent stroke compared with control (hazard ratio, 0.71; CI, 0.58-0.88).
41
Saturated Fat
Reducing saturated fat intake was not associated with any reduction in stroke (RR, 1.00; 95% CI, 0.89-1.12) among 50 952 participants in 8 RCTs, but reduced the risk of cardiovascular events (RR, 0.83; 95% CI, 0.72-0.96). 33 The reduction in cardiovascular events was seen in studies that primarily †High dairy calcium intake was significantly associated with an ≈24% reduction in the risk of total stroke (RR, 0.76; 95% CI, 0.66-0.86), whereas nondairy calcium intake showed no effect (RR, 1.01; 95% CI, 0.82-1.24).
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replaced saturated fat calories with polyunsaturated fat and not with carbohydrate or protein; the effect of replacing saturated fat with monounsaturated fats was unclear.
Omega-3 Polyunsaturated Fatty Acid Supplements
Omega-3 polyunsaturated fatty acid supplements had no impact on the rate of 1490 first stroke events in a meta-analysis The traditional Mediterranean diet is characterized by a high intake of plant foods (fruit, vegetables, nuts, legumes), olive oil, and cereals; and high ratio of monounsaturated to saturated fat; a moderate intake of fish and poultry; a low intake of dairy products, red meat, processed meats, and sweets; and moderate wine consumption, with meals. The DASH diet is characterized by a high intake of plant foods (fruit, vegetables, nuts, legumes); a high intake of low-fat dairy products; and low intake of sweets and sugar-containing beverages, red and processed meat, saturated fat, total fat, and cholesterol. The Nordic diet is characterized by a high intake of fish, apples and pears, cabbages, root vegetables, rye bread, and oatmeal. CI indicates confidence interval; DASH, Dietary Approaches to Stop Hypertension; HS, hemorrhagic stroke; ICH, intracerebral hemorrhage; IS, ischemic stroke; and RR, risk ratio. of 9 RCTs (RR, 1.05; 95% CI, 0.93-1.18) 34 and in 2 subsequent RCTs.
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Other Vitamins and Antioxidant Supplements
A meta-analysis of 50 RCTs of vitamins and antioxidant supplements in a total of 294 478 participants found that supplementation with vitamins and antioxidants was not associated with any reduction in the risk of stroke overall (RR, 0.97; 95% CI, 0.93-1.02; Table 4 ).
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Diets That Lower BP
Randomized trials indicate that advice to reduce dietary sodium/ salt, 12, 42 increase fiber, 43 increase fruit and vegetables, 44 and adopt a Dietary Approaches to Stop Hypertension, Mediterranean, or Nordic diet 45 reduces BP modestly. The Dietary Approaches to Stop Hypertension, Mediterranean, and Nordic diets are generally high in fruit, vegetables, whole grains, legumes, seeds, nuts, fish, and dairy and low in meat, sweets, and alcohol (Table 3) . 45 Although the direction of the effect of reduced dietary sodium/ salt intake on BP is qualitatively consistent among studies and individuals (ie, BP is reduced, not increased), the magnitude of the effect varies quantitatively among studies and individuals (ie, not everyone is salt sensitive). The effect of salt reduction on BP is greater among older individuals, blacks, Asians, and people who have hypertension. 42 For example, a reduction in salt intake from a mean of 11.5 to 3.8 g per day decreases BP in white participants with elevated BP by about 5.5/2.9 mm Hg, but only by about 1/0 mm Hg in white participants with a normal BP. 42 In contrast, the effect of salt reduction on stress hormones and lipids is similar in people with hypertension and normotension; salt reduction reduces blood volume and thus activates the salt-conserving hormonal system (increasing renin and aldosterone) and sympathetic nervous system (increasing adrenalin and noradrenalin), and increases blood concentrations of cholesterol and triglycerides.
12,42
The Role of Nutrition in the Burden of Stroke
The burden of stroke can be measured in terms of disabilityadjusted life years (DALYs), which represents the sum of years of life lost and years lived with disability, and mortality. 47 Among the modifiable risk factors for stroke, 40.2 million stroke-related DALYs (35.6%) were attributable to diet low in fruits (<200 g/d) and 25.5 million DALYs (22.6%) were because of diet high in sodium (>5 g/d; Table 5 ). 47 The contribution of a diet high in sodium was similar to that of tobacco smoking (23.3 million DALYs [20.7%]) 47 and probably mediated by its causal role in elevating BP, 42 which is the strongest modifiable risk factor for stroke. Diets low in vegetables accounted for significantly more stroke-related DALYs in people aged 15 to 49 years than in older age groups (Table I in the online-only Data Supplement). 47 There was considerable heterogeneity between countries in the population attributable fraction of stroke-related DALYs associated with dietary factors. However, generally, in high-income countries, the leading dietary risk factors for stroke-related DALYs in 2013 were diet low in fruits and diet low in vegetables, whereas in low-income and middleincome countries the dietary risk factors that contributed most to the stroke-related DALYs were diet low in fruits and diet high in sodium (Table 5) . 47 In high-income countries, most sodium is consumed from packaged foods and restaurants, whereas in low-income countries, most sodium is consumed from soy sauce and salt added to home cooking or at the table.
Mortality
The results of the GBD study, which highlight the impact of dietary factors on the global burden of stroke as measured by stroke-related DALYs, are consistent with recent data from the United States, which highlight the impact of dietary factors on the national burden of stroke as measured by stroke-related mortality. 48 Among 128 294 deaths because of stroke in US adults aged >25 years in 2012, more than half (51.9%; 95% uncertainty interval, 48.9-54.4; n=66 547) were estimated to be associated with suboptimal dietary habits (Table 6) . 48 The dietary factors associated with stroke deaths were suboptimal intake of fruits (22.4% of deaths), vegetables (21.9%), and whole grains (10.5%) and excess intake of sodium (10.7%), and sugar-sweetened beverages (0.7%).
48
Conclusions
Recent evidence indicates that diet is a major modifiable risk factor for stroke globally and a major modifiable determinant of the global burden of stroke. The importance of specific foods and overall food quality and dietary patterns, rather than isolated single nutrients or metrics (eg, calorie counting), in contributing to the risk and burden of stroke is emerging.
While awaiting more reliable and robust evidence from large RCTs, current evidence suggests that the main dietary priorities to prevent stroke include an increased proportion of minimally processed, bioactive-rich foods such as fruits and vegetables, fish, and milk, and a reduced proportion of processed (eg, sodium preserved) red meats and foods and beverages that are rich in added sodium salt and refined sugars. These principles underpin the Dietary Approaches to Stop Hypertension, Mediterranean, and Nordic dietary patterns that seem to promote stroke health.
Appropriate dietary behavioral change among individuals and populations will require novel technologies and policy strategies that target education and motivation in schools, workplaces and the community, supportive neighborhood environments, motivating economic incentives, and reforms in the food and health systems. 49 
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